ABSTRACT
INTRODUCTION
Many studies have shown that various plant species possess the allelopathic potential to suppress weed species (Dadkhah 2012; Dadkhah & Assadi 2010) . Often in the literature, allelopathy is used to describe negative effects of one plant on another, however, this research utilized Rice's broader definition. The study of allelopathy has come under much scrutiny, as it is often difficult to construct experiments that conclusively prove the existence of ecologically relevant chemical interactions between organisms. It is well documented that the production of secondary metabolites in a plant tissue is determined by the plant genetic make-up in combination with its interaction with environmental conditions during its growth (Quader et al. 2001) .
Allelopathic effects are largely determined by: the dose of chemicals exuded; chemical, physical and microbial components of soil that decide the fate of chemicals in the environment; replenishment of allelochemicals; and responses of neighboring species (Inderjit & Duke 2003) .
The aqueous extracts of Cirsium arvense and Ageratum conyzoides could suppress the germination and early seedling growth of some weeds of wheat and the aqueous extract of Eucalyptus camaldulensis has the potential to suppress growth of Echinochloa crus-galli, A. fatua and Rumex acetosella (Moradshahi et al. 2003) . Thus allelopathy is a new eco-friendly concept in sustainable agriculture (Yongqing 2005) .
Oryza sativa extract has the potential to show negative effects on germination, morpho-physical and biochemical parameters due to presence of allelochmicals (Bhadoria 2011) . P. hysterophorus plant shows different allelopathic effects. All the plants parts, including trichomes and pollen, contain toxins called sesquiterpene lactones, are lethal to human beings and animals (Khaliq et al. 2012) .
Phragmites australis is a noxious weed that has covered the water bodies throughout the country and created many problems. Ecologically realistic experiments was conducted to explore phytotoxicity of P. australis. Chlorophyll content was significantly reduced with leaf and rhizome leachates of P. australis by which inhibition occurred in photosynthetic rate of neighboring plants (Uddin et al. 2012) . Datura alba is known for its antibacterial activity against burn pathogens (Gnanamani et al. 2003) and antifungal activity against phytopathogens (Dabur et al. 2004 ). However, research regarding herbicidal activity of D. alba is lacking.
Avena fatua and Rumex crispus are two major weeds of wheat in Pakistan and the focus of weed management in wheat is always the control of these target weeds. In Pakistan the percentage losses in yield due to un-checked weed growth in different crops are significant. In some of the crops, the yield may be reduced by more than 50%. It is estimated that in wheat, yield losses range from 20 to 40% due to weeds.
Allelochemicals are extracted from different plants and may be used as eco-friendly alternate to synthetic herbicides. These experiments were conducted to examine the effect of various allelochemicals on germination and growth of wheat and associated weeds. The objective of the experiment was to find out suitable allelopathic plants for the management of weeds in wheat crop.
Keeping in view the importance of weeds and environment, Oryza sativa L., Parthenium hysterophorus L., Phragmites australis Cav. and Datura alba L. were selected for the experimentation. These plants are easily available in fields around the area. Thus experiments were conducted to screen out their allelopathic effects on different parameters of wheat and associated weeds. These finding will minimize the extensive use of herbicides and will envisage the possibility of using allelochemicals to promote sustainable agriculture.
MATERIALS AND METHODS
Laboratory and pot experiments were conducted at Weed Research Lab, The University of Agriculture Peshawar (34.0167°N, 71.5833°E, 340 m asl), Pakistan during rabi season 2011 and were repeated in 2012.
COLLECTION OF ALLELOPATHIC PLANTS FOR EXTRACTS
Oryza sativa (cultivated rice 'Basmati') was collected from the experimental fields of Agricultural Research Institute Peshawar and Parthenium hysterophorus (congress weed), Phragmites australis (common reed) and Datura alba (jimson weed) were collected from Agricultural Research Farm, The University of Agriculture Peshawar, Pakistan. Whole plants were harvested at mature stage. These plants were harvested at the base above ground with the help of a sickle. The plants were cleaned from the dust and other particles and then were dried in oven for 72 h at 65°C and then were ground with the help of a grinder. The final ground samples were kept in paper bag for further use in the experiments during both years.
PREPARATION OF WATER EXTRACTS
After collection, the dried powder of the allelopathic plants were weighed and mixed in distilled water at 150 gL -1 at room temperature for 48 h and finally filtered to collect the respective water extracts. The extracts were filtered through muslin cloth and finally through Whatman No. 1 filter paper. Water extracts were individually bottled and tagged for further process in the experimentation. Fresh extracts were prepared each year.
EXPERIMENTAL DETAILS
For the pot experiment, 10 seeds of each species (Triticum aestivum, Avena fatua and Rumex crispus) were planted in 45 plastic pots with 12 cm in height and 15 cm in diameter, filled with 1 kg of soil. These pots were replicated three times. All the plastic pots were irrigated with the help of mini sprayer as per needed. All the experimental plastic pots were discarded after 45 days. In case of laboratory experiment, 45 Petri dishes (each having 9 cm in diameter) were washed and dried. These Petri dishes were sterilized in autoclave at 110-120 o C for 1 h. Two filter papers were kept in each Petri dish and ten seeds of each test species were placed. These Petri dishes were replicated three times. All the Petri dishes were moistened with the help of pipette as per need. All the experimental Petri dishes were kept at room temperature of 2±2°C for 15 days.
TEST SPECIES
The test species T. aestivum (wheat), A. fatua (wild oat) and R. crispus (broad leaf dock) were included in the experiment. Germinated seeds were counted daily. The seeds were considered as germinated when the radicle size was 2 mm. Moreover, there were five treatments in which one was a control. Each treatment was replicated three times in completely randomized design with a factorial arrangement (species and extract). The experiments were repeated once to confirm the findings.
ANALYSIS
The germinated seeds in each treatment were counted and percentage were computed and recoded for each treatment. Seed having 2 mm radicle were considered as germinated. After germination, the shoot length was measured with a ruler in cm for all the germinated plants in each treatment and then means were recorded. Fresh biomass plant -1 was taken on an electric balance in gram (g) and subsequently means biomass plant -1 was calculated for each treatment. Similarly, dry biomass plant -1 was recorded from the above mentioned fresh biomass after drying the plants in an oven at 65 o C for 48 h. The dry biomass was taken on an electric balance in gram (g) and subsequently means were recorded for each treatment. Days to 50% germination of germinated seeds in each treatment were counted and recoded for each treatment. The data presented for each experiment is the mean of two years. After termination of the experiments and collection of data, the data for each parameter were subjected to the analysis of variance and the significant means were separated by LSD test (Steel & Torrie 1980) .
RESULTS AND DISCUSSION

GERMINATION PERCENTAGE
Analysis of variance of the data showed that different species showed different responses to the extracts and had significant effect on seed germination of the studied plants (Table 1 ). The data in pots and laboratory were recorded and mean values are presented. It was observed that maximum (94.67 and 94.34%) germination was observed for T. aestivum followed by A. fatua (53.00 and 62.00%). While minimum germination was noted for R. crispus (45.67 and 54.34%). T. aestivum showed resistance to the allelopathic extracts as compared to rest of the species. In pot experiment, maximum germination (94.45%) was observed in the control. While maximum (98.89%) for germination amongst all the extract was noted in the control under laboratory experiment. Statistical analysis of the data for interaction of different plant extracts and tested species is shown in Table 1 . P. hysterophorus was proved to be allelopathic by inhibiting the seed germination of all the tested plant species. R. crispus was the most sensitive as germination was less in all the extracts. Extracts of many weeds have potential to inhibit the germination of other weeds (Khan et al. 2004) . Some weed extracts inhibited the seed germination of other weeds . The allelopathic effects of various parts of same weed also differ for their effects on germination and initial plant growth (Aziz et al. 2008) . However, various parts of weeds show different behavior in exerting their allelopathic effects on crops and weeds (Veenapani 2004) . Weeds also exert allelopathic effects on crop seed germination and growth by releasing water soluble compounds (Batish et al. 2007 ). Parthenin leaching as root exudate plays a pivotal role in allelopathic interference with surrounding plants (Belz et al. 2007 ). Allelochemicals have also been reported as a germination and radicle growth inhibitor in a variety of dicot and monocot plants and it enters the soil through the decomposing leaf litter (Khan et al. 2004) . Thus the presence of these weed species in agricultural fields can greatly affect the seed germination of cultivated crops, vegetables and other weeds. Autotoxicity at high expression levels decreases the germination, growth and yielding ability of a plant (Ben-Hammouda et al. 2002) . Experimental examination of allelopathy can also vary with extraction approaches, techniques to isolate specific allelochemicals and the substrate used (Callaway et al. 2005) . However, the incorporation of these weeds in the soil might be proved effective to inhibit the seed germination of weeds but how to avoid these allelochemicals not to affect the seed germination of the crop is a question that needs to be addressed on scientific backgrounds. The present study showed that the allelopathic plant extracts are effective against germination and growth of weeds. There is need to carry out studies to test the efficacy of these crude extracts under field conditions. Overall the extracts of P. hysterophorus, P. australis and D. alba were more toxic for the seed germination as compared to the rest of the extracts.
DAYS TO 50% GERMINATION
Variance analysis and mean comparison results showed that days to 50% germination were affected by different allelopathic extracts (Table 2 ). The data regarding days to 50% germination for pot and laboratory experiments showed the least allelopathic effect as compared to the other treatments. The reason for early emergence of the seed may be due to the completion of pre-germination metabolic activities making the seed ready for radicle protrusion (Arif 2005) . The overall results showed that different extracts have significant effects on the days to 50% germination. It seems that these extracts can be used for weed management in crops. Allelochemicals are considered as toxic plant chemicals and industrial uses are reported (Babar et al. 2009 ). The results are supported by the findings of Stavrianakou et al. (2004) who reported increase in germination time of crop and weed plants with the extract of different weeds. Species varied in their sensitivity to aqueous extracts of P. hysterophorus for both germination and plant growth (Regina et al. 2007 ) and thus it is a potential source of natural bio herbicide (Gurdeep et al. 2009 Babar et al. (2009) , who stated that chickpea seeds soaked in root extract of Asphodelus tenuifolius took more time for germination. From the above study, negative effects on the quantitative characters was observed leading to the conclusion that the allelochemicals may be exploited for weed management. The understanding of mechanism, identification and isolation of allelochemicals may provide a basis for development of growth regulators and natural pesticides to boost up production in sustainable agriculture. However, the use of allelochemicals for weed management is passing through experimental trials to commercialize for farmer use.
SHOOT LENGTH
Analysis of variance on the data showed that various plant extracts had significant effect on the shoot length of the tested species (Table 3) alba showed significant allelopathic effects by inhibiting and minimizing the shoot length of all the tested species except T. aestivum. Many of the weed species used for testing the allelopathic potential are less explored and this needs to be addressed in agro-ecosystem. These results are in agreement with the findings that water extracts of allelopathic plants generally have more pronounced effects on radicle rather than hypocotyl growth (Turk & Tawaha 2002) . This may be attributable to the fact that radicles are the first to come in contact with allelochemicals. Aqueous extracts of allelopathic grasses suppressed the germination and growth of P. hysterophorus Javaid et al. 2005) . Our findings showed similarity with the results reported by Shahnaz et al. (2010) that water extract of W. somnifera and D. alba possessed some bioactive compounds which significantly inhibited the growth of root and shoot of R. crispus, highly competitive weed in wheat. A similar trend was also reported previously (Fujii et al. 2003) . The instant results showed that presence of allelopathic weeds in the agricultural fields may pose a serious threat to the crop production as these plants will release allelochemicals to the soil environment and thus could result in failure of crop seed germination. On the other hand, these weeds provide opportunity to be used for weed management. In a similar study, Cheema and Khaliq (2000) reported that allelochemicals are effective and could be successfully used in weed management techniques. However, the presences of allelochemicals in plants depend on many factors.
FRESH BIOMASS PLANT -1
Statistical data for pots and laboratory showed that different plant extracts had significant effect on the fresh biomass of the tested species (Table 4) . Means value of the tested species depicted that the highest fresh biomass was observed for T. aestivum (0.82 and 0.09 g) followed by
A. fatua (0.66 and 0.05 g) while the lowest fresh biomass was noted for R. crispus (0.54 and 0.02 g). The maximum mean values of fresh biomass was recorded in the control treatments (0.94 and 0.07 g) whereas minimum fresh biomass was exhibited by P. hysterophorus (0.4 and 0.04 g), respectively. The interaction amongst various plant extracts and tested species was also observed. So it was noted that maximum fresh biomass was achieved in the control treatments as well as by the treatment of O. sativa. While the minimum fresh biomass was recorded under P. hysterophorus treatments followed by D. alba. The presence of allelochemicals has been explored and many scientists are of the view that allelopathins are present in various parts of the plants and can greatly affect the receiver plants in many ways. However, allelochemicals are synthesized in plants as secondary metabolites and located in certain specialized organs of donor plants (Kobayashi 2004) . The most abundant inhibitors in P. hysterophorus was the sesquiterpene lactone parthenin which is sequestered at high level in capitate sessile trichomes present on leaves, stems and the achene complex (Reinhardt et al. 2004) . These results are also in agreement with Shahnaz et al. (2010) who stated that water extract of W. somnifera and D. alba possessed some bioactive compounds which significantly inhibited the growth of root and shoot, plumule and radical extension. Decreasing biomass of weeds due to application of allelochemicals is an indicator of success of such studies. Although herbicides The tested species showed different responses to plant extracts and appreciably affected the dry biomass of the tested plants (Table 5) . Mean values of the tested species showed that the highest dry biomass was noted for T. aestivum (0.42 and 0.03 g), followed by A. fatua (0.34 and 0.01 g). Whereas the lowest dry biomass was noticed for R. crispus (0.083 and 0.01g). The highest mean values for dry biomass were observed in the control (0.36 and 0.02 g) while minimum dry biomass was recorded in the P. hysterophorus (0.19 and 0.01 g). The interaction of different extracts and tested species showed that the highest dry biomass was noticed under control treatment while the lowest dry biomass was recorded in the treatment of P. hysterophorus as well as under the treatment of D. alba. Thus T. aestivum was the most tolerant species probably due to inherent genetic makeup. The extract of O. sativa and control showed comparable effects. Whereas P. hysterophorus, D. alba and P. australis showed allelopathetic effects by retarding or inhibiting seed germination and growth and fresh/dry biomass of tested species. Stronger effects of allelochemicals of P. hysterophorus on growth are severe than on seed germination as reported by Batish et al. (2002) . The release of allelochemicals by P. hysterophorus and D. alba through aqueous extracts under laboratory conditions proved to be sufficient to provide significant phytotoxicity and the relative role of allelopathic plants. Thus, current findings provide evidence that the release of allelochemicals has the capacity to play a leading role. If this laboratory potential may play a substantial role in the interference of P. hysterophorus with surrounding plant species in nature, it will be governed by several influencing factors. These results are also in agreement with Regina et al. (2007) and Shahnaz et al. (2010) , who stated that the observed variability of allelochemical content in P. hysterophorus and D. alba extracts suggests a major contribution restricted to situations where allelochemicals dominating the spectrum of inhibitors released from these plants. Ahn et al. (2005) stated that the rate of release of allelochemicals from allelopathic plants is proportional to the total amount present within the said plants and one could assume that allelochemicals will be the determining factor for allelopathy only if high levels are accumulated in the plants. The findings demonstrated that allelochemicals are amongst those inhibitors that under laboratory conditions causing delay in germination and reducing plant growth and biomass. However, the proper dose, time of application and method of application are important factors that can significantly contribute to use allelochemicals for weed management. 
